Background: Deficits in somatostatin-like immunoreactivity (SLI) and corticotropin-releasing factor immunoreactivity (CRF-IR) are well recognized as prominent neurochemical deficits in Alzheimer disease (AD). The question of whether these profound neuropeptidergic deficits found in patients with end-stage disease extend into those with much earlier disease is relatively unanswered. To determine the relation between level of SLI and CRF-IR in different cerebrocortical regions to the earliest signs of cognitive deterioration in AD.
A
DEFICIT IN somatostatinlike immunoreactivity (SLI) is well recognized to exist in Alzheimer disease (AD). [1] [2] [3] [4] [5] [6] [7] Indeed, the magnitude of the somatostatin deficit is, in percentage terms, as large as that found for choline acetyltransferase, 1,2 especially in younger patients, 8 and correlates with the deficit in choline acetyltransferase. 9 Somatostatin has been found in neuritic plaques (NPs), and it has been identified with neurofibrillary tangles (NFTs) in the cerebral cortex. [10] [11] [12] Based on the association between ketanserin binding and SLI in temporal and frontal cortex, 13 it has been proposed that somatostatin in the cortex is located in intrinsic interneurons, implicating these neurons in the neurochemical pathology of AD.
An equally impressive deficit is found in corticotropin-releasing factor immunoreactivity (CRF-IR). 4, 6, 7, 14, 15 Like somatostatin, occasional senile plaques have been found to contain CRF-IR. 16 However, unlike the somatostatin deficit associated with decreased numbers of somatostatin receptors, there apparently is up-regulation of the CRF receptor in postmortem brains of patients with AD. 6, 15, 17, 18 The number of immunoreactive fibers staining for CRF-IR is also decreased. Furthermore, axons and dystrophic neurites that stain for CRF-IR can be associated with amyloid deposits. 19 The vast majority of studies that have found such neuropeptide deficiencies in the brains of patients with AD derive from individuals whose death occurs at a severe end stage of AD. Furthermore, these are often patients whose mean age is younger than the age at which the highest incidence of AD occurs. Some insight into CRF concentrations in earlier stages of AD has been gained from negative correlations between CRF levels and duration of illness, 7 and from studies of cerebrospinal fluid 20 in which correlations between the severity of AD dementia and cerebrospinal fluid CRF-IR were found, suggesting that CRF-IR deficiency might be a relatively early marker of AD. This relationship has not been observed consistently, 21, 22 however. To determine the degree to which a deficit in somatostatin and/or CRF occurs in early AD See also page 991 requires a study in which most patients have not died of end-stage AD. Such a sample has been collected during the last few years and was used in this study to investigate the relationship between somatostatin, CRF, and early cognitive changes in AD.
RESULTS

LEVELS OF CRF-IR IN DIFFERENT CDR GROUPS
Analysis of variance of CRF-IR revealed a significant effect of CDR groups (F 4,74 = 14.09, PϽ.001), a significant effect of brain regions (F 8,592 = 23.89, PϽ.001), and a significant CDR group by brain region interaction (F 32,592 = 1.96, PϽ.002; Figure 1 ). Newman-Keuls analysis of the effect of CDR showed that the CDR = 0.0 group differed significantly from the CDR 1.0, 2.0, and 5.0 groups (PϽ.02 for all) across all brain regions. There were no significant differences in CRF-IR between the CDR 1.0 and CDR 2.0 groups, but both differed significantly from the CDR 4.0 to 5.0 group. The CDR 0.5 group did not differ significantly from the CDR 0.0 group (PϾ.3).
Significant differences between cortical regions were attributable to higher levels of CRF-IR in the superior temporal gyrus (Brodmann area 22) relative to other neocortical regions. Levels of CRF in the inferior temporal gyrus (Brodmann area 20) and occipital cortex (Brodmann area 17) were significantly lower than levels of CRF-IR in all other cortical regions examined (PϽ.01).
Results of neuropathologic studies of NP 23 and NFT 24 density were used to determine the correlation of NP and NFT density with CRF-IR in each of the neuropathologically assessed brain regions. When the entire cohort was used, the density of plaques in each cortical region correlated significantly with CRF-IR in that region (Pearson product-moment correlation, r = -0.26 to -0.33, PϽ.02 for all; Figure 2 ). Similar correlations, albeit slightly higher, were observed between CRF-IR level and the density of NFTs in each cortical region (Spearman rank correlations, r = -0.23 to -0.45, PϽ.04 for all; Figure 3 ). Significant correlations of NPs and NFTs with CRF-IR were due in large part to the inclusion of the patients with CDR scores of 5.0. When the CDR = 5.0 group
SUBJECTS AND METHODS
SUBJECTS
Brain specimens were obtained from 81 patients who had been residents of the Jewish Home and Hospital in Manhattan and the Bronx, NY. The specimens were selected from a larger group of 278 consecutive autopsies performed between 1986 and 1997. Autopsies were performed after receiving consent from each subject's legal next-of-kin. The methods used for subject selection and cognitive and neuropathologic assessment have been described previously.
23,24
NEUROPATHOLOGIC ASSESSMENT
Every case was evaluated for the extent of neuropathologic lesions using the Consortium to Establish a Registry for Alzheimer's Disease neuropathologic battery. 25 The densities of NPs 23 and NFTs 24 were determined in the middle frontal gyrus (Brodmann area 8), superior temporal gyrus (Brodmann area 22), inferior parietal lobule (Brodmann area 7), and primary visual cortex (Brodmann area 17). All patients with non-AD neuropathologic or AD neuropathologic lesions, complicated with other neuropathologic lesions of sufficient magnitude to contribute to cognitive dysfunction (eg, Pick disease, diffuse Lewy body disease, Parkinson disease, stroke, multi-infarct dementia, and severe cerebrovascular disease), were excluded from consideration.
ASSESSMENT OF DEMENTIA AND CASE SELECTION
The aim of this study was to identify the relationship of cortical somatostatin and CRF levels to early and mild dementia; therefore, only patients with Clinical Dementia Rating scale (CDR) 26, 27 scores of 0 to 2 were selected for inclusion. The global CDR score was calculated according to an algorithm that averaged the performance in each of 6 domains consisting of memory, orientation, judgment, community affairs, home and hobbies, and personal care. Patients were grouped by CDR score: 0.0 (cognitively intact), 0.5 (questionable dementia: slight difficulties with memory, time relationships, and problem solving, but fully capable of self-care and independent living), 1.0 (mild dementia: moderate but definite memory loss, especially for recent events, moderately disoriented to place, complex social home and personal care habits impaired, but can function with prompting and may appear normal to casual inspection), and 2.0 (moderate dementia: severe memory loss, disoriented to time and place, cannot function independently but can perform limited social and home functions and self-care with assistance). An additional 15 subjects with CDR scores of 4.0 and 5.0 (severe memory loss, speech absent or unintelligible, bedridden or chair bound, incontinent) were included to represent the extreme of the dementia severity continuum. These patients were selected to match those with CDR scores of 0.0 to 2.0 as closely as possible with respect to age, sex, and postmortem interval. The CDR 4.0 patients (n = 5) did not differ significantly from the CDR 5.0 patients (n = 10) with respect to any demographic, neuropathologic, or neurochemical parameter measured.
Assignment of CDR scores was based on assessment of cognitive and functional status during the last 6 months of life. Three CDR scores were assigned, based on (1) careful review of all information contained within each patient's chart, (2) a blind review of the same records by a second reviewer experienced in neuropsychologic assessment of living elderly patients, and (3) a telephone interview with at least 1 family member and/or caregiver for each subject. These CDR scores and all pertinent chart information were subsequently presented to a senior clinician (D.B.M.) and to a consensus group (K.L.D., R.C.M., D.P.P., D.P.P., V.H.) to derive a final CDR score. Reliability of the postmortem chart review procedure for CDR scoring was determined by direct observation and patient interview and by chart review alone for 35 patients. An interclass was excluded from analyses, no correlation between CRF-IR and NP and NFT density remained significant. Similar results were obtained for SLI in the 5 CDR groups; however, decreases in SLI were less sensitive to cognitive deficits than the CRF-IR decreases shown above.
LEVELS OF SLI IN DIFFERENT CDR GROUPS
There was a significant decrease in SLI as a function of CDR groups (F 4,74 = 6.78, PϽ.001), and significant SLI concentration differences in the different cortical regions (F 8,592 = 93.5, PϽ.001). The interaction term for CDR and cortical regions was not significant, however (F 32,592 = 1.08, PϾ.35). Newman-Keuls analysis of the effects of CDR grouping on SLI across the cortical regions showed that SLI concentrations were significantly (PϽ.02 for all) lower in the CDR 4.0 to 5.0 group relative to each of the other groups. The CDR 0.0, 0.5, 1.0, and 2.0 groups did not differ significantly from each other (PϾ.12 for all). As evident from Figure 4 , the concentrations of SLI in the different cortical regions differed greatly and significantly from each other. The highest concentrations of SLI were detected in the temporal neocortex, whereas the lowest concentration was found in the occipital cortex (Brodmann area 17). Newman-Keuls analyses showed that the levels of SLI differed significantly (PϽ.03 for all) between virtually every pair of cortical regions examined.
Level of SLI significantly correlated with NP densities in the superior frontal gyrus (Brodmann area 8, r = −0.28, PϽ.05), superior temporal gyrus (Brodmann area 22, r = 0.29, PϽ.04), and occipital cortex (Brodmann area 17, r = −0.35, PϽ.01). Similarly, SLI levels significantly and negatively correlated with the density of NFTs in the superior frontal gyrus (r = −0.30, PϽ.04), superior temporal gyrus (r = −0.32, PϽ.02), and inferior parietal lobule (r = −0.36, PϽ.004). Levels of SLI and NP and NFT densities did not correlate significantly after Bonferroni correction in the remaining regions common to both measures. The correlation of SLI levels and neuropathologic markers was almost entirely due to the decreases in SLI levels observed in the CDR 4.0 to 5.0 group. When this group was excluded from analyses, no correlation reported above approached statistical significance. correlation coefficient of 0.86 was obtained for the 2 independent assessments of CDR. Twenty-two patients had been neuropsychologically assessed and had participated in longitudinal studies of cognitive function with instruments such as the Mini-Mental State Examination (MMSE) 28 and the Alzheimer's Disease Assessment Scale. 29 The correlation between the consensus CDR and MMSE scores was r = −0.48 (PϽ.02). If only those subjects who had received an MMSE score within 1 year of death were considered (n = 14), then the correlation between the consensus CDR and the last MMSE increased to r = −0.73 (PϽ.003).
Subjects were grouped purely on the basis of CDR score, without regard to neuropathologic diagnosis of AD. The distribution of subjects on the basis of neuropathologic diagnoses was roughly similar to their distribution along the cognitive dimension ( Table 1) . Groups did not differ significantly with respect to age (F 4,76 = 1.4, PϾ.25). Although there were significantly (PϽ.006) more women (n = 52) than men (n = 14) in the study cohort as a whole, the proportion of men to women did not differ significantly ( 2 4 = 0.8, PϾ.8), and there were no sex-related differences between any neurochemical or neuropathologic measure studied (PϾ.20 for all).
TISSUE HANDLING AND NEUROCHEMICAL PROCEDURES
The procedures for tissue handling and preparation have been described previously. inferior parietal lobule (Brodmann area 7); and primary visual cortex (Brodmann area 17). For one subject in the CDR = 0.0 group, cortical tissue was available from only 3 Brodmann areas (20, 21, and 22) ; for another, specimens were available for all except Brodmann areas 8, 32, and 44. The procedures for radioimmunoassay of SLI and CRF-IR have been described previously. 5, 31 The somatostatin antisera are directed toward residues 6 to 10 of the somatostatin (1-14) molecule and recognize somatostatin (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) and somatostatin (1-28) on an equimolar basis. 31, 32 Tissue concentrations of CRF-IR were determined using radioimmunoassay materials purchased from Peninsula Laboratories (Belmont, Calif; standard 8561; tracer Y-8562; antiserum RAS-8561N). Protein was estimated by the method of Bradford.
33
DATA ANALYSES
The 5 CDR categories (0.0, 0.5, 1.0, 2.0, 4.0, and 5.0) were used as the independent variables, whereas the dependent variables consisted of the levels of SLI and CRF-IR in each of the 9 cortical regions. Repeated-measures analyses of variance were used to analyze the levels of CRF-IR and SLI across cortical regions. Newman-Keuls tests were used for betweengroup comparisons. Multiple regression analysis was used to evaluate the association of CDR score with CRF-IR and SLI in all 9 cortical regions. The Scheffé procedure for multiple comparisons was used to test these associations in single or subsets of cortical regions. Pearson product moment and Spearman rank order correlation procedures were used to determine the correlation between SLI, CRF-IR, NP densities, and ratings of NFT densities in selected cortical regions. For examination of correlations of CRF-IR and SLI levels in individual regions with CDR or the neuropathologic variables, a Bonferroni correction to a significance level of .05/9 = .006 was used. Statistical analyses were performed using Statistica for Windows, version 5.0 (StatSoft Inc, Tulsa, Okla) and SPSS for Windows, versions 7.5 and 9.0 (SPSS Inc, Chicago, Ill).
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CORRELATION OF CRF-IR AND SLI LEVELS WITH CDR SCORES
Multiple regression analysis with CDR as the dependent measure, and levels of CRF-IR and SLI in the 9 cortical regions as the sets of independent variables, showed that the levels of each peptide correlated significantly with CDR (CRF-IR R 2 = 0.49, F 9,69 = 7.3, P = .001; SLI R 2 = 0.37, F 9,69 = 4.6, PϽ.001). Simple correlation analyses showed that the levels of CRF-IR in most regions correlated significantly (PϽ.05 for all, after Bonferroni correction) and negatively with CDR scores (Table 2 and 
001).
For SLI, the region of strongest predictive power for CDR was the occipital cortex (Brodmann area 17; R 2 = 0.26, F 9,69 = 3.2, P = .003). Significant correlations between CDR and the levels of SLI and CRF-IR in other regions were present (Table 2 ) but did not add significantly to the predictive power of CRF-IR and SLI to CDR. Identical analyses limited to the CDR 0.0 and 2.0 groups yielded a significant relationship between CDR and CRF-IR (R 2 = 0.34; F 9,54 = 3.0, P = .005), but not between CDR and SLI (R 2 = 0.15; F 9,54 = 1.1, P = .41). Stepwise regression analysis for CRF-IR showed the entorhinal cortex (Brodmann area 36/38) to be the principal region contributing to the regression results, but this regression did not reach statistical significance after correction for all possible contrasts (R 2 = 0.19; F 9,54 = 1.77, P = .1). Combined regression analysis of CRF-IR and SLI levels as predictors of CDR (R 2 = 0.57) for the entire cohort showed that, Table 1 for sample sizes and demographic characteristics. when SLI was entered first, the addition of CRF-IR significantly increased the correlation from R 2 = 0.37 to R 2 = 0.57 (F 9,60 = 3.0, P = .006), but when CRF-IR was entered into the regression equation first, the addition of SLI did not increase the correlation significantly from R 2 = 0.49 to R 2 = 0.57 (CRF-IR followed by SLI, F 9,60 = 1.2, P = .30).
COMMENT
This study was not designed to reaffirm what has been well established, namely, that CRF-IR and SLI are diminished in patients with AD. Rather, it was designed to determine how early in the progression of the disease these markers might be present in postmortem tissue of patients with AD. Therefore, patients with a definite but early stage of dementia (CDR = 1.0) are in many ways the most informative. Patients with CDR 0.5 are potentially interesting, but a substantial percentage of them can be expected to not have AD, even in a very early form. Indeed, 36% of this group did not have pathologic changes denoting even possible AD (Table 1) . Patients with CDR = 2.0 are of interest only to the extent that when a peptidergic abnormality such as SLI is not present in them, it becomes possible to conclude that the previously reported deficits occur rather late in the disease. From this perspective, it is clear that CRF-IR is the more susceptible of the 2 peptidergic markers in early AD. Patients with CDR = 1.0 have significantly lowered CRF-IR across all brain regions studied compared with normal controls. In contrast, only the CDR 4.0 to 5.0 group had significantly lower SLI than normal controls.
A significant correlation existed between CDR score and CRF-IR concentration. The correlation occurs with or without the inclusion of patients with end-stage CDR 4.0 to 5.0 disease. In contrast, the correlation of SLI with CDR was totally dependent on the presence of the CDR 4.0 to 5.0 group. Furthermore, although SLI levels were significantly correlated with CDR, their inclusion in multiple regression analyses did not add significantly to the correlation observed with CRF-IR alone. Correlations between neuropathologic indices and CRF-IR were significant but required the inclusion of patients with CDR 4.0 to 5.0. A similar circumstance held for SLI. Without CDR 4.0 to 5.0 patients, there was no correlation between neuropathologic indices and SLI.
Close scrutiny of the results of the CDR 0.5 group permits consideration of whether either peptide could be a very early marker of AD. The possibility that CRF-IR may be decreased with the onset of the earliest symptoms of AD would be suggested if patients with no AD pathologic lesions in the CDR 0.5 group had higher CRF-IR levels than those with some AD neuropathologic lesions. The 4 patients with no AD pathologic lesions had 4 of the 8 highest CRF-IR concentrations. With the elimination of those patients, the distribution of CRF-IR concentrations in the CDR 0.5 group became similar to the CDR 1.0 group and, therefore, possibly lower than normal controls. It is less clear whether SLI would be as robust an early marker. Among the 6 highest SLI concentrations, 2 derive from patients with no AD pathologic lesions. Elimination of those 2 data points did not change the distribution of SLI concentrations in the CDR 0.5 group.
Thus, decreases in CRF-IR concentrations, but not SLI, are apparently present in early AD. The failure of SLI levels to decrease in mild and moderate dementia is reminiscent of the result obtained with cholinergic markers. 30 Perhaps if cholinergic or somatostatinergic neurons are involved in early AD, there are compensatory mechanisms in these neurons, or their neighbors, that produce increases in markers of these neurotransmitters or neuromodulatory systems. In the case of neurons containing CRF, compensation to early injury may be at a postsynaptic level, since it has been demonstrated that CRF receptors are up-regulated in AD. 17 In contrast, muscarinic receptors and somatostatinergic receptors have not been so consistently found to be increased in patients with AD. 34 Recently, it has been reported that CRF can be substantially protein bound in the brain, and only free CRF is active. 35 This study measured total CRF, regardless of binding. Conceivably, the differences found would be even more apparent if only free CRF were measured. In that circumstance, free CRF would have been an even more robust marker than was found in the current investigation. Such a possibility should encourage further studies of CRF in cerebrospinal fluid of patients with AD in which correlations with the severity of AD have been reported. 20 Throughout this study, we have referred to our patients with mild dementia, those in the CDR 0.0 to 2.0 groups, as representing cases of early or mild AD. We have equated early dementia to early AD because we specifically excluded from the study cohort those patients who had non-AD-related neuropathologic lesions. Since many of these patients with mild dementia did not have sufficient densities of AD-related pathologic lesions to meet criteria for AD (Table 1) , it is conceivable that they may have either remained mildly demented and neuropatho- Table 1 for sample sizes and demographic characteristics. logically equivocal with respect to diagnosis or progressed to some non-AD neuropathologic disease had they lived longer. It is therefore necessary to keep in mind that, although the most parsimonious assumption is that these patients with mild dementia represent cases of early or mild AD, some may have had dementia due to a different, unidentified neuropathologic process. Thus, the results of this study should be viewed as providing direct evidence for the involvement of CRF-IR and SLI in different stages of dementia but only indirect evidence for CRF-IR and SLI involvement at different stages of AD.
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